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Die weitere Prufung der oben genannten Patentanmeldung hat zu dem nachstehenden Ergebnis gefuhrt. 
Zur Aufierung wird eine Frist von 

ZWOlf Monat(en) 

gew^hrt, die mit derZustellung beginnt. 

Fur Unterlagen, die der Auderung gegebenenfalls beigefugt werden (z.B. Beschreibung, Beschreibungsteile, Patentanspruche, 
Zeichnungen), sind je zwei Ausfertigungen auf gesonderten Blattern erforderiich. Die Aufierung selbst wird nur in einfacher 
Ausfertigung benotigt. 

Werden die Beschreibung, die Patentanspruche Oder die Zeichnungen im Laufe des Verfahrens geandert. so hat der Anmelder, 
sofern die Anderungen nicht vom Deutschen Patent- und Markenamt vorgeschlagen sind, im Einzelnen anzugeben. an welcher 
Stelle die in den neuen Unterlagen beschriebenen Erfindungsmerkmale in den ursprCinglichen Unterlagen offenbart sind. 



' In diesem Bescheid sind folgende Entgegenhaltungen erstmalig genannt. (Bei deren Nummerierung gilt diese auch fur das 
weitere Verf ah ren): 
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die den gleichen Gegenstand betrifft, einrelchen und gleichzeitig den Anmeldetag der frOheren Patentanmeldung in Anspruch nehmen, Diese 
Abzweigung (§ 5 Gebrauchsmustergesetz) ist bis zum Ablauf von 2 Monaten nach dem Ende des Monats moglich, in dem die 
Patentanmeldung durch rechtskraftige Zuruckweisung. freiwiHige Rucknahme Oder Rucknahmefiktion eriedigt, ein Einspruchsverfahren 
abgeschlossen oder - im Fade der Erteilung des Patents - die Frist fur die Beschwerde gegen den Erteitungsbeschluss fruchtios verstrichen ist. 
AusfQhrliche Informationen uber die Erfordernisse einer Gebrauchsmusteranmeldung. einschliefilich der Abzweigung, enthait das Merkblatt fur 
Gebrauchsmusteranmelder (G 6181), welches kostenlos beim Deutschen Patent- und Markenamt und den Patentinfomnationszentren erhaltlich 
ist. 
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P 101 25 006.1-43 



(1) EP338 303 A2 



L Dem Prufungsverfahren liegen die Unterlagen vom 22.05,01 mit den geltenden Anspruchen 1-9 
zugrunde. Als Entgegenhaltungen wird die Schrift (1) genannt. 

Da die wesentlichen Merkmale des Hauptansprucfis der vorliegenden Anmeldung schon durch 
die 2um Anmeldezeitpunkt bereits veroffentiichte (1) bekannt waren, ist dieser wegen 
mangelnder Neuheit seines Gegenstands niclit gewahrbar. 



11. In vorliegendem Anmeldungsgegenstand wird im wesentlichen eine 

Polyacetalzusammensetzung genannt, die ein Polyacetal (A), roten Phosphor als Flammschutz 
(B) und einen Polymerzusatz aus Phenolharz und/oder Polycarbonat (C) enthalt. Roter 
Phosphor als Plana mschutzzusatz und Polycarbonat u./o. Phenolharz als Blendkomponente in 
Polyacetalen werden beide jeweils als einzelne, aber nicht in Kombination bekannte, Zusatze 
von der Anmelderin im Stand der Technik gewurdigt. Der Warmestabilisator (D) ist ein 
Standardzusatzstoff in einer ubiichen Menge, urn die Problematik der Fornnaldehydabspaltung in 
Polyoxymethylenpolynneren zu losen^und kann so nicht als erfindungswesentlicher Bestandteil 
betrachtet werden, der in der Lage ist^die Neuheit des Anmeldungsgegenstands herzustellen. 

In Entgegenhaltung (1) wird eine thermoplastische Harzzusammensetzung genannt, die ein 
Polyoxymethylenharz in Mischung mit einem Polycarbonat enthalt (a.a.O. Anspruch 1 i.V.m. 
S.3/Z. 46-58). Ebenfalls kann die genannte Mischung einen Flammschutz im angegebenen 
Mengenbereich enthalten, wobei roter Phosphor explizit genannt ist (a.a.O. S.7/Z.22-24, 57). 
Damit enthalt eine Zusammensetzung nach (1) die erfindungswesentlichen Merkmale des 
vorliegenden Anmeldungsgegenstands und ist somit neuheitsschadlich vorbeschrieben. 

Ein patentfahiger Anmeldungsgegenstand konnte in einer Zusammensetzung gesehen werden, 
die aus den erfindungswesentlichen Komponenten besteht, da dann die Neuheit gegenCiber (1) 
gegeben ware, und deren erfinderische Tatigkeit gegenuber dem selbst genannten Stand der 
Technik bzgl. der Blendkomponenten (S.2/Abs.2) dargelegt werden kann. 
Andernfalls ware Polycarbonat aus dem Hauptanspruch zu streichen. 

Die Unteranspruche 2-10 enthalten lediglich ubiiche Merkmale fur die einzein bekannten 
Komponenten (B) - (D) und sind nicht in der Lage die Neuheit gegenuber (1) herzustellen. 

III. Aus oben angefuhrten Grunden ist mit den geltenden Anspruchen die Patenterteilung nicht 
moglich. 

Bei einer Weiterverfolgung der Anmeldung waren neue Anspruche einzureichen, die - unter 
Berucksichtigung von II. - gegenuber dem Stand der Technik neu sind und deren Beruhen auf 
erfinderischer Tatigkeit dargelegt wird. 

Ansonsten muss mit einer Zuruckweisung der Anmeldung gerechnet werden. 
Prufungsstelle fur Kiasse G08L 




Aniage: Abl. von 1 Entgegenhaltung 
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TRANSLATION OF THE OFFICE ACTION 
DATED MARCH 10, 2003 



In the instant Office Action the following reference is cited for the first time (the 
numbering thereof will be adhered to in the further procedure): 

(1) BP 338 303 Al 

I. The examination has been based on the papers of May 22, 2001 including 
the presently pending claims 1-9. Document (1) is cited as a reference. 
As the essential features of the main claim of the instant application had 
been known from document (1) published already before the filing date, 
this claim cannot be allowed on the grounds of lacking novelty of its sub- 
ject-matter. 

II. The subject-matter of the instant application substantially refers to a 

polyacetal composition comprising a polyacetal (A), red phosphorus as a 
flame retardant (B) and a polymer additive of phenol resin and/or polycar- 
bonate (C). Red phosphorus as a flame retardant additive and polycarbon- 
ate and/or phenol resin as a blending component in polyacetals are both 
discussed by the applicant in the prior art as individual additives, which, 
however, are not known in combination. The thermal stabilizer (D) is a 
standard additive in a usual amount for solving the problem of formal- 
dehyde separation in polyoxymethylene polymers and can thus not be 
regarded as a component which is essential for the invention and is able to 
support the novelty of the subject-matter of the application. 



Document (1) refers to a thermoplastic resin composition containing a 



2 

polyoxymethylene resin mixed with a polycarbonate (loc.cit. claim 1 in 
conjunction with page 3, lines 46-58). The mentioned mixture may also 
comprise a flame retardant within the specified quantitative range, wherein 
red phosphorus is mentioned explicitly (loc.cit., page 7, lines 22-24, 57). 
Accordingly, the composition known from document (1) comprises those 
features of the subject-matter of the instant application which are essential 
for the invention and hence had been prior described in a novelty-preju- 
dicing way. 

A patentable subject-matter of the application might be seen in a composi- 
tion consisting of the components which are essential for the invention - 
because the novelty with respect to document (1) would then exist - and 
the inventive merit of which can be explained with respect to the prior art 
mentioned by the applicant itself and with respect to the blending com- 
ponents, respectively (page 2, paragraph 2). 

Otherwise, polycarbonate would have to be deleted from the main claim. 

The subclaims 2-10 comprise merely standard features in respect of the in- 
dividually known components (B) - (D) and are unable to support the 
novelty with respect to reference (1). 

III. For the reasons specified above, it is not possible to grant a patent with 
the presently pending claims. 

If the application is further prosecuted, newrlaims will have to be filed 
which - under consideration of II. - are novel with respect to the prior art 
and in respect of which the inventive step is explained. 
Otherwise, the rejection of the application will have to be expected. 

The Examiner in charge of Class C08L 
Dr. K. Schmid 
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® A novel ttiermcplastic resin compositicn is here provided which contains 

(I) 100 parts by weiglit of a polyoxymethylene resin alone or a mixture of the polyoxymethylene resin 
and a polycarbonate resin, with 

(II) 0.1 to 100 parts by weight of a multi-phase structure thermoplastic resin which is composed of 5 
to 95% by weight of an epoxy group-containing olefin copolymer and 95 to 5% by weight of a vinyl 
polymer or copolymer obtained . from at least one kind of vinyl monomer, either of both the components 
being in the state of a dispersion phase having a particle diameter of 0.001 to 10 um. 

Furthermore, a novel method for preparing the above-mentioned thermoplastic resin composition is also 
provided here. 
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Thermoplastic Resin Composition and Method for Preparing the Same 



BACKGROUND OF THE INVENTION 
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(1 ) Field of the Invention 

The present invention relates to a thermoplastic resin composition having excellent impact resistance, 
electrical properties, heat resistance, moldability and dimensional stabliity. and a method for preparing the 
TO same. This composition of the present case can be widely utilized as material for electrical and electronic 
parts, machine parts, automobile parts and the tike. 



(2) Description of the Prior Art 

A polyoxymethylene resin is excellent in electrical properties, dimensional stability, moldability. sliding 
properties and mechanical strength, but it has the drawback that its impact properties are poor. On the 
other hand, a polycarbonate resin has excellent mechanical properties, heat resistance and moldability, but 
it is poor in chemical resistance and physical properties at low temperatures. 
20 In order to remove this drawback, a method has been suggested in which a certain kind of efastomer is 
blended with the polyoxymethylene. and this method is relatively excellent in that impact resistance is 
im.proved. 

• However, as the amount of the elastomer is increased so as to improve the impact resistance, other 
characteristics of the polyoxymethylene resin deteriorate. In consequence, this method is not considered to 
25 be satisfactory. . 

If the drawbacks of the polyoxymethylene resin and the polycarbonate resin be compensated mutually 
with the advantages thereof." thermoplastic resins having further improved characteristics will be obtained 
and new use applications will be developed. However, the polyoxymethylene resin and the polycarbonate 
resin are different in chemical structures, and affinity between these resins is insufficient. In consequence. 
30 the advantages of both the resins can scarely be utilized. 

SUMMARY OF THE INVENTION 

The inventors of the present application have intensely researched to solve the above-mentioned 
problems, and as a result, they have found that when a specific mutti-phase structure thermoplastic resin is . 
used, impact resistance of the polyoxymethylene resin or the compatibility of a polyoxymethylene resin with 
a poiycarboante resin is improved, so that a composition can be provided which retains excellent electrical 
^0 properties, dimensional stability and sliding properties of the polyoxymethylene resin, and a thermoplastic 
resin composition can be provided which retains the above-mentioned characteristics of the polyox- 
ymethylene resin and excellent impact resistance, moldability and heat resistance of the polycarbonate. 
The first aspect of the present invention is directed to a thermoplastic resin composition containing . 

(I) 100 parts by weight of a polyoxymethylene resin alone or a mixture of the polyoxymethylene resin 
^5 and a polycarbonate resin, with 

(II) 0.1 to 100 parts by weight of a multi-phase structure thermoplastic resin which is composed of 5 
to 95% by weight of an epoxy group-containing olefin copolymer and 95 to 5% by weight of a vinyl 
polymer or copolymer obtained from at least one kind of vinyl monomer, either of both the components 
being in the state of a dispersion phase having a particle diameter of 0.001 to 10 urn: 

50 

The second aspect of the present invention is directed to a method for preparing a thermoplastic resin 
composition which comprises the step of melting and mixing a polyoxymethylene resin alone or a mixture 
of the polyoxymethylene resin and a polycarbonate polymer (I) with 

1 to 100% by weight of a graft polymerization precursor (A) which is obtained by first adding at least one 
kind of vinyl monomer, at least one kind of radical polymerizable or copolymerizable organic peroxide and a 
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radical polymerization initiator to an aqueous suspension of an epoxy group-containing olefin copolynner, 
then heating the suspension under such conditions that the decomposition of the radical polymerization 
initiator does not occur substantially, in order to impregnate the epoxy group-containing olefin copolymer 
with the vinyl monomer, radical polymerizable or copolymerizable organic peroxide and radical polymeriza- 

5 tion initiator, and raising the temperature of this aqueous suspension, when the degree of the impregnation 
has reached 50% by weight or more of the original total weight of the vinyr monomer, peroxide and initiator, 
in order to copolymerize the vinyl monomer with the radical polymerizable or copolymerizable organic 
peroxide in the epoxy group-containing olefin copolymer. 
0 to 99% by weight of an epoxy group-containing olefin copolymer (B). and 

10 0 to 99% by weight of a vinyl polymer or copolymer (C) obtained by polymerizing at least one kind of vinyl 
monomer, 

or alternatively melting and mixing the components (A), (B) and (C) previously at a temperature in the range 
of 100 to 300* C in order to form a multi-phase structure thermoplastic resin (II), and then melting and 
mixing the resin (II) with the resin (I). 

15 

BRIEF DESCRIPTION OF THE PHOTOGRAPHS 

20 Photograph No. 1 is the electron microscope photograph of a multi-phase structure thermoplastic 

resin prepared in Preparation Example 1 in which spherical methyl methacrylate polymer particles having a 
diameter of 0.3 to 0.4 um are dispersed in a base polymer matrix comprising ethyleneglycidyl methacrylate 
copolymer (E-GMA). This photograph is indicated with E-GMA-g-PMMA (multi-phase structure thennoplas- 
tlc resin). 

25 Photograph No. 2 is the electron microscope photograph of a random copolymer (Reference 

Example 1) of an ethyleneglycidyl methacrylate (GMA)-methyl methacrylate prepared by high-pressure 
radical polymerization. This photograph is indicated with E-GMA-MMA (random copolymer). 

Photograph No. 3 is the electron microscope photograph of a blend composition (Reference Example 
2) which is prepared by first blending E-GMA used in Preparation Example 1 with 30% by weight of 

30 polymethyl methacrylate (PMMA) iand then mixing them under melting. This photograph is indicated with E- 
GMA/PMMA (blend polymer). 

Photograph No. 4 is the electron microscope photograph of a short-chain graft polymer prepared by 
reacting E-GMA copolymer used in Preparation Example 1 with methyl methacrylate in a usual grafting 
manner. This photograph is indicated with E-GMA-g-MMA (short-chain graft polymer). 

35 Photograph No. 5 is the electron microscope photograph (10.000 magnifications) of a multi-phase 

structure thermoplastic resin prepared in Preparation Example 2 in which spherical styrene polymer particle 
having a diameter of 0.3 to 0.4. um are dispersed in a matrix comprising ethyleneglycidyl methacrylate 
copolymer. 

40 This photograph is indicated with "E-GMA-g-PSt: multi-phase structure thermoplastic resin". 

DETAILED DESCRIPTION OF THE INVENTION 

45 

Examples of a polyoxymethylene resin used in the present invention include an oxymethyiene 
homopolymer substantially comprising an oxymethyiene unit alone prepared from a raw material of a cyclic 
oligomer such as a formaldehyde monomer or its trioxane or tetraoxane; and an oxymethyiene copolymer 
comprising an oxyaikylene unit having two or more carbons and an oxymethyiene unit prepared from the 

50 above-mentioned raw material and ethylene oxide, propylene oxide, epichlorhydrin, 1 ,3-dloxolane, or a 
cyclic ether such as the formal of glycol or the formal of diglycol. 

Examples of the polycarbonate resin used In the present invention include 4,4-dioxyallylalkane polycar- 
bonates typified by a polycarboante of 4,4-dihydroxydiphenyl-2.2-propane (generally called bisphenol A), 
but above all, 4.4-dihydroxydiphenyl-2,2-propane polycarbonate having a number average molecular weight 

55 of 15.000 to 80,000 is preferable, this polycarbonate may be prepared by an optional method. For example, 
4,4-dihydroxydiphenyl-2.2- propane polycarbonate may be prepared by blowing phosgene in 4,4- 
dihydroxydiphenyl-2,2-propane as a dioxy compound in the presence of an aqueous caustic alkali solution 
and a solvent, or alternatively by carrying out ester interchange between 4,4-dihydroxydiphenyl-2,2-propane 
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and diester carbonate in the presence of a catalyst. 

The epoxy group-containing olefin copolymer (B) used in the present invention is a copolymer of an 
olefin and an unsaturated glycidyl group-containing monomer by a high-pressure radical polymerization as 
one example, or a terpoiymer of an olefin, an unsaturated glycidyl group-containing monomer and another 
5 unsaturated monomer, or a multicomponent copolymer. The particularly preferable olefin of the copolymer 
is ethylene, and the preferable copolymer comprises 60 to 99.5% by weight of ethylene. 0.5 to 40% by 
weight of the glycidyl group-containing monomer and 0 to 39.5% by weight of another unsaturated 
monomer. 

Examples of the unsaturated glycidyl group-containing monomer include glycidyl acrylate. glycidyl 
10 methacrylate. itaconic acid monoglycidyl ester, butenetricarboxylic acid monoglycidyl ester, butenetricar- 
boxylic acid diglycidyl ester, butenetricarboxylic acid triglycidyl ester, vinyl glycidyl ethers and glycidyl 
esters of a-chloroaryl, maleic acid, crotonic acid and fumaric acid, allyl glycidyl ether, glycidyl oxyethylvinyl 
ether, glycidyl ethers such as styrene p-glycidyl ether, and p-glycidyl styrene. The particularly preferable 
ones are glycidyl methacrylate and allyl glycidyl ether. 
75 Other examples of the unsaturated monomers include olefins, vinyl esters. a,i3-ethylenic unsaturated 
carboxylic acids and their derivatives. Typical examples of such unsaturated monomers include olefins such 
as propylene, butene-1, hexene-1, decene-1, octene-1 and styrene. vinyl esters such as vinyl acetate, vinyl 
propionate and vinyl benzoate, acrylic acid, methacrylic acid, esters such as methyl, ethyl, propyl, butyl, 2- 
ethylhexyl, cyclohexyl, dodecyl and octadecyl acrylates and methacrylates, maleic acid, maleic anhydride. 
20 itaconic acid, fumaric acid, maleic monoesters and diesters, vinyl ethers such as vinyl chloride, vinyl methyl 
ether and viny ethyl ether, and acrylic amide compounds. Particularly, acrylic and methacrylic esters are 
preferable. 

Typical examples of the epoxy group-containing olefin copolymer include ethylene-glycidyl 
methacrylate copolymer; ethylene-vinyl acetate-glycidyl methacrylate copolymer; ethylene-ethyl acrylate- 

25 glycidyl methacrylate copolymer; ethylene-carbon monoxide-glycidyl methacrylate copolymer; ethylene- 
glycidyi acrylate copolymer; and ethylene-vinyl acetate-glycidyl acrylate copolymer. Above all., ethylene- 
glycidyl methacrylate copolymer, ethylene-ethyl acrylate-glycidyl methacrylate copolymer and ethylene- 
vinyl acetate-glycidyl methacrylate copolymer are preferred. 

These epoxy group-containing olefin copolymers can be used in a mixture thereof. 

3C The epoxy group-containing olefin copolymer may be prepared by a high-pressure radical polymeriza- 
tion, i.e.. by simultaneously or stepwise contacting and polymerizing a monomer mixture of 60 to 99.5% by 
weight of the above-mentioned ethylene, 0.5 to 40% by weight of one or more unsaturated glycidyl group- 
containing monomer, and 0 to 39.5% by weight of at least one other unsaturated monomer in the presence 
of 0.0001 to 1% by weight of a radical polymerization initiator based on the total weight of all the monomers 

35 at a polymerization pressure of 500 to 4.000 bar (kg/cm^). preferably 1.000 to 3.500 bar (kg/cm^). at a 
reaction temperature of 50 to 400 *C, preferably 100 to 350 *C, using a chain transfer agent and, if 
necessary.. some auxiliaries in an autoclave or tubular reactor. 

Examples of the above-mentioned radical polymerization initiator include usual initiators such as 
peroxides, hydroperoxides, azo-compounds. amine oxide compounds and oxygen. 

40 Examples of the chain transfer agent include hydrogen, propylene, butene-1, saturated aliphatic 
hydrocarbons having 1 to 20 carbon atoms such as methane, ethane, propane, butane, isobutane. n-hexane, 
n-heptane and cycloparaffins; halogen-substituted hydrocarbons such as chloroform and carbon tetrachlo- 
ride: saturated aliphatic alcohols having 1 to 20 or more carbon atoms such as methanol, ethanol, propanol 
and isopropanoi; saturated aliphatic carbonyi compounds having 1 to 20 or more carbon atoms such as 

45 carbon dioxide, acetone and methyl ethyl ketone; and aromatic compounds such as toluene, diethytbenzene 
and xylene. . , 

Another example of the epoxy group-containing olefin copolymer regarding the present invention is a 
modified compound prepared by adding the above-mentioned unsaturated glycidyl group-containing mon- 
omer to a conventional olefin homopolymer or copolymer. 

50 Examples of the above-mentioned olefin homopolymer include low-density, medium-density and high- 
density polyethylenes, polypropylene, polybutene-1 and poly-4-methylpentene-1 , and examples of the 
above-mentioned copolymers include ethylene-propylene copolymer; ethylene-butene-1 copolymer; 
ethylene-hexene-1 copolymer; ethylene-4methylpentene-1 copolymer; copolymers with other o-olefins 
mainly comprising ethylene such as ethylene-octene-1 copolymer; copolymers with other a-oiefins mainly 

55 comprising propylene such as propylene-ethylene block . copolymer; ethylene-vinyl acetate copolymer; 
ethylene-acrylic acid copolymer; ethylene-methacrylic acid copolymer; copolymers of ethylene and methyl, 
. ethyl, propyl, isopropyl and butyl acrylate and nniethacrylate; ethylene-maleic acid copolymer; ethylene- 
propylene copolymer rubber; ethylene-propylenediene-copolymer rubber; liquid polybutadiene; ethylene- 
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vinyl acetate-vinyl chloride copolymer; and mixtures thereof. 

The epoxy-group containing olefin copolymer in the multi-phase structure thermoplastic resin (II) used 
in the present invention is the above-mentioned copolymer (B). Furthermore, typical examples of the vinyl 
polymer and copolymer in the resin (II) include polymers and copolymers prepared by polymerizing one or 
5 more of vinyl monomers such as vinyl aromatic monomers, for example, styrene, nucleus-substituted 
styrenes such as methyistyrene. dimethylstyrene, ethylstyrene, isopropylstyrene and chlorostyrene. and 
substituted styrene such as a-methy!styrene and a-ethylstyrene: acryiate and methacrylate monomers, for 
example, alkyi esters having 1 to 7 carbon atoms of acrylic acid or methacrylic acid such as methyl, ethyl, 
propyl, isopropyl and butyl acryiate and methacrylate; acrylonitrile and methacrylonitriie monomers; vinyl 
70 ester monomers such as vinyl acetate and vinyl propionate; acrylamide and methacrylamide monomers; 
and monoesters and diesters of maleic anhydride and maieic acid. Above all, the vinyl polymer and 
copolymer containing 50% by weight or more of a vinyl aromatic monomer are particularly preferable. 

The multi-phase structure thermoplastic resin (II) used in the present invention is an epoxy group- 
containing olefin copolymer or a vinyl polymer or copolymer matrix in which another vinyl polymer or 
15 copolymer or epoxy group-containing olefin copolymer is uniformly dispersed in a spherical form. 

The polymer dispersed in the multi-phase structure thermoplastic resin has a particle diameter of 0.001 
to 10 jxm, preferably 0.01 to 5 M.m. When the particle diameter of the dispersed polymer is less than 0.001 
um or is more than 10 um, dispersion properties of the multi-phase structure thermoplastic resin in the 
polyoxymethylene resin alone orjhe mixture of this polyoxymethylene resin and the polycarbonate resin is 
20 bad, and for example, poor appearance and impact resistance are not improved unpreferably. 

The vinyl polymer or copolymer in the multi-phase thermoplastic resin (II) regarding the present 
invention has a number average polymerization degree of 5 to 10,000, preferably 10 to 5.000. 

When the number average polymerization degree is less than 5. impact resistance of the thenmoplastic 
resin composition regarding the present invention can be improved, but heat resistance deteriorates 
25. unpreferably. inversely, when it is in excess of 10.000, melting viscosity is high, moldability deteriorates, 
and surface gloss falls off unpreferably. 

The multi-phase thermoplastic resin (II) used in the present invention comprises 5 to 95% by weight 
preferably 20 to 90% by weight, of the epoxy group-containing olefin copolymer and 95 to 5% by weight, 
preferably 80 to 10% by weight of the vinyl polymer or copolymer. 
30 When the epoxy group-containing olefin copolymer is less than 5% by weight, the improvement of the 
impact resistance of the polyoxymethylene resin is poor, or its compatible effect with the mixture of the 
polyoxymethylene resin and the polycarbonate resin is Insufficient, and when it is more than 95% by 
weight, heat resistance and dimensional stability of the blend regarding the present invention are impaired 
unpreferably. 

35 In the case that the component (I) of the thermoplastic resin composition of the present invention is the 
mixture of the polyoxymethylene resin and the polycarbonate resin, it is necessary that the amount of the 
polyoxymethylene resin is 50 to 99% by weight, preferably 60 to 95% by weight, if impact resistance and 
heat resistance which are low in the polyoxymethylene resin are improved while its features are maintained. 
Furthermore, it is required that the amount of the polycarbonate resin is 50 to 99% by weight, preferably 60 

40 to 95% by weight, if chemical resistance and physical properties at low temperatures which are tow in the 
polycarbonate resin are improved while its features are maintained. 

As a grafting technique used to prepare the multi-phase structure thermoplastic resin regarding the 
present invention, there may be employed a well known process such as a chain transfer process and an 
ionizing radiation process, but the following process is most preferable, because grafting efficiency is high, 

45 secondary cohesion due to heat does not occur, and therefore performance can be exerted effectively. 

Now. a method for preparing the thermoplastic resin composition of the present invention will be 
described in detail. 

That is, water is suspended in 100 parts by weight of an epoxy group-containing olefin copolymer. 
Afterward, 5 to 400 parts by weight of at least one vinyl monomer is added to the suspension, and in the 

50 mixture, a solution is poured in which there are dissolved 0.1 to 10 parts by weight, based on 100 parts by 
weight of the vinyl monomer, of one or a mixture of radical polymerizable or copolymerizable organic 
peroxides represented by the undermentioned general formula (a) or (b) and 0.01 to 5 parts by weight, 
based on 100 parts by weight of the total of the vinyl monomer and the radical polymerizable or 
copolymerizable organic peroxide, of a radical polymerization initiator in which a decomposition temperature 

55 to obtain a half-life period of 10 hours is from 40 to 90* C. The mixture is then heated under conditions that 
the decomposition of the radical polymerization initiator does not occur substantially, in order to impregnate 
the epoxy group-containing olefin copolymer with the vinyl monomer, the radical polymerizable or 
copolymerizable organic peroxide and the radical polymerization initiator. When the impregnation ratio has 
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reached 50% by weight or more of the original total weight of the monomer, peroxide and initiator, the 
temperature of this aqueous suspension is raised to copolymerize the vinyl monomer with the radical 
polymerizafaie or copolymerizable organic peroxide in the epoxy group-containing olefin copolymer, thereby 
obtaining a graft polymerization precursor (A), This graft polymerization precursor (A) is further kneaded 
under melting at a temperature of 100 to 300 *C in order to prepare the desired multi-phase structure 
thermoplastic resin (II) of the present invention. At this time, the graft polymerization precursor may be 
kneaded under melting with the epoxy group-containing olefin copolymer (B) or vinyl polymer or copolymer 
(C) so as to obtain the multi-phase structure themnoplastic resin (II). 

The graft polymerization precursor (A) Is also the multi-phase structure thermoplastic resin. Therefore, 
this graft polymerization precursor may be directly mixed under melting with the potyoxymethylene resin 
alone or the mixture of this polyoxymethyfene resin and the polycariDonate resin. 

The above-mentioned radical polymerizable or copolymerizable organic peroxides are compounds 
represented by the general formulae (a) and (b): 

R3 
I 

^ ' I II I II I 

R-l 0 R2 O R4 



I 

CHo = C - CH2 -O-(CH2-CH-O)n-C-O-O-C-RT0 (b) 
"^1 I . II I 

Rg R7 O Rg 



wherein Ri is a hydrogen atom or an alkyl group having t or 2 carbon atoms, each of R2 and R7 is a 
hydrogen atom or a methyl group. Re Is a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, 
each of R3. R^, Rs and.Ra is an alkyl group having 1 to 4 carbon atoms, each of R5 and Rio is an alkyl 
group having 1 to 12 carbon atoms, a phenyl group, an alkyl-substituted phenyl group or a cycioalkyi group 
having 3 to 1 2 carbon atoms, m is 1 or 2. and n is 0, 1 or 2. 

Typical examples of the radical polymerizable or copolymerizable organic peroxides represented by the 
general formula (a) include t-butylperoxyacryloyloxyethyl carbonate, t-amylperoxyacryloyloxyethyl , car- 
bonate, t-hexylperoxyacryloyloxyethyi carbonate, 1.1.3.3-tetramethylbutylperoxyacryloyloxyethyl carbonate, 
cumylperoxyacryloyloxyethyl carbonate, p-isopropylcumylperoxyacryloyloxyethyl cartDonate,. t-butylperox- 
ymethacryloyloxyethyl carbonate, t-amylperoxymethacryloyloxyethyl carbonate. 1,1.3.3-tetramethylbutyl- 
peroxymethacryloyloxyethyl carbonate, cumylperoxymethacryloyloxyethyl carbonate, p-isopropylcumyl- 
peroxymethacryloyioxyethyl carbonate, t-butylperoxyacryloyloxyethoxyethyl carbonate, t-amylperox- 
yacryloyioxyethoxyethyl carbonate, t-hexylperoxyacryloyloxyethoxyethyl carbonate, 1.1 ,3.3-tetramethylbutyl- 
peroxyacryloyloxyethoxyethyl carbonate, cumylperoxyacryloyloxyethoxyethyl carbonate, p-isopropylcumyl- 
peroxyacryloyloxyethoxyethyi carbonate, t-butylperoxymethacryloyloxyethoxyethyl carbonate, t-amylperox- 
ymethacryloy loxyethoxyethyl carbonate, t-hexylperoxymethacry loy loxyethoxyethy I carbonate. 1 . 1 .3.3- 
tetramethylbutyiperoxymethacryloyloxyethoxyethyl carbonate, cumylperoxymethacryloyloxyethoxyethyl car- 
bonate, p-isopropylcumylperoxymethacryioyloxyethoxyethyl carbonate, t-butylperoxyacryloyloxyisopropyl 
carbonate, t-amylperoxyacryloyloxylsopropyl carbonate, t-hexylperoxyacryloyloxyisopropyi carbonate, 
1 ,1.3.3-tetramethylbutylperoxyacryloyloxyisopropyl carbonate, cumylperoxyacryloyloxyisopropyl carbonate, 
p-isopropyicumylperoxyacryloyloxyisopropyl carbonate, t-butylperoxymethacryloyloxyisopropyl carbonate, t- 
amyiperoxymethacryloyloxyisopropyl carbonate. t-hexylperoxymethacry!oyioxyisopropyl carbonate. 1,1,3.3- 
tetramethylbutylperoxymethacryloyloxyisopropyl carbonate, cumylperoxymethacryloyloxyisopropyl carbon- 
ate, p-isopropylcumylperoxymethacryloyloxyisopropyl carbonate. 

Typical examples of the compounds represented by the general formula (b) include t-butylperoxyallyl 
carbonate, t-amylperoxyallyl carbonate. t-hexylperoxya!lyi carbonate. 1.1,3,3-tetramethylbutyiperoxyalIyl car- 
bonate, p-menthaneperoxyaliyi carbonate, cumyiperoxyallyl carbonate. t-buty(peroxymethaIlyl carbonate, t- 
amylperoxymethallyl carbonate, t-hexylperoxymethaliyi carbonate. 1.1.3.3-tetramethylbutylperoxymethallyl 
carbonate, p-menthaneperoxymethallyl carbonate, cumylperoxymethallyl carbonate, t-butylperoxyaliylox- 
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yethyi carbonate, t-amylperoxyallyloxyethyi carbonate, t-butylperoxymethallyloxyethyl carbonate, t-amyl- 
peroxymethailyloxyethyl carbonate, t-hexylperoxymethalfyloxyethyl carbonate. t-butylperoxyaI!yioxyisopropyl 
carbonate, t-amylperoxyallyioxyisopropyl carbonate, t-hexylperoxyallyioxyisopropyl carbonate, t-butylperox- 
ymethallyloxyisopropyl carbonate, t-hexylmethallyloxyisopropyl carbonate. 

5 Of these compounds, preferable ones are t-butylper oxyacryloyloxyethyl carbonate, t-butylperox- 
ymethacryloyloxyethyl carbonate, t-butylperoxyallyl carbonate and t-butylperoxynnethaDyl carbonate. 

In the present invention, an Inorganic filler (III) can be used in an amount of 1 to 150 parts by weight 
based on 100 parts of the components (I) + (11).. 

The inorganic filler may be used in granular, lamellar, scaly, needle, spherical, hollow and fibrous forms, 

70 and examples of these inorganic fillers include granular fillers such as calcium sulfate, calcium silicate, clay, 
diatomaceous earth, talc, alumina, siliceous sand, glass powder, iron oxide, metallic powder, graphite, 
silicon carbide, silicon nitride, silica, boron nitride, aluminum nitride and carbon black; lamellar and scaly 
fillers such as mica, glass plate, sericite. pyrophyllite, metallic foil, for example, aluminum flake, and 
graphite; hollow fillers such as Shirasu balloon, metallic balloon, glass balloon and pumice; and mineral 

75 fibers 'such as glass fiber, carbon fiber, graphite fiber, whisker, metallic fiber, silicon carbide fiber, asbestos 
and woilastonite. 

When the content of the filler is in excess of 150 parts by .weight, the impact strength of molded articles 
deteriorates unpreferably. ^ 

The surface of the inorganic filler is preferably treated by the use of stearic acid, oleic acid, palmitic 
20 acid or a metallic salt thereof, paraffin wax. polyethylene wax or a modified material thereof, an organic 
silane. an organic borane or an o rganic titanate. 

Furthermore. in'tKe' presehTTnvehfioh'/ tfie thermoRiasti^jg^ be brought into a flame 

resistant state by%lefldi05JllM§»yJt^^ amount of 5 to 150 parts by weight based 

on 100 parts by weight of the thermoplastic resin composition (1) + (II). 
25 ; Examples of the above-mentioned flame retardant include brominated and chlorinated paraffins such as. 
tetrabromobisphenol (TBA), hexabromobenzene, decabromodlphenyl ether, tetrabromoethane. (TBE). 
tetrabromobutane (TBB) and hexabromocyclodecane (HBCD). chlorine series flame retardants such as 
chlorinated paraffin, chlorinated polyphenyl, chlorinated polyethylene, chlorinated diphenyl, perchloropen- 
tacyclodecane and chlorinated naphthalene ' usual halogen series flame retardants such as halogenated 
30 diphenyl sulfides, halogenated polystyrenes such as brominated polystyrene, brominated poly-a-methyl- 
styrene and derivatives thereof, halogenated polycarbonates such as brominated polycarbonates, haloge- 
nated polyesters such as polyalkylene tetrabromoterephthalate and brominated terephthalic- acid series 
polyesters, halogenated epoxy compounds such as halogenated bisphenol series epoxy resins, halogenated 
polyphenylene oxide compounds such as poly(dibromophenylene oxide), and high-molecular type halogen- 
35 containing polymers such as cyanuric acid ester compounds of halogenated bisphenols. 

Of these flame retardants, oligomers and polymers of the aromatic halides are particularly preferred. 

In addition, phosphorus series flame retardants include phosphates and halogenated phosphates such 
as tricresyl phosphate, tri(jff-chloroethyl) phosphate. tri(dibromopropy!) phosphate and 2.3-dibromopropyI- 
2,3-chtoropropyl phosphate, phosphonic acid compounds and phosphonic acid derivatives. 
40 Examples of other flame retardants include guanidine compounds such as guanidine nitride. 

The above-mentioned organic flame retardants may be used alone or as a mixture of two or more 
thereof. 

The organic flame retardant is used in an amount of 5 to 50 parts by weight, preferably 7 to 40 parts by 
weight based on 100 parts by weight of the thermoplastic resin composition (I) + (II). When the content of 
45 the flame retardant is less than 5 parts by weight, a flame-resistive effect is poor, and when it is more than 
50 parts by weight, the flame-resistive effect is not improved any more and cost rises unpreferably. 

These organic flame retardants. particulariy halogen series flame retardants can exert a synergistic 
effect, when used together with a flame-resistive auxiliary. 

Examples of the flame-resistive auxiliary include antiomony halides such as antimony trioxide, antimony 
50 pentaoxide, antimony trichloride and antimony pentaoxide, and antimony compounds such as antimony 
trisulfide. antimony pentasulfide. sodium antlmonate. antimony tartrate and metallic antimony. 

In addition, examples of the inorganic flame retardants used in the present invention include aluminum 
hydroxide, magnesium hydroxide, zirconium hydroxide, basic magnesium carbonate, dolonite. hydrotalcite. 
calcium hydroxide, barium hydroxide, hydrate of stannous hydroxide, hydrates of inorganic metallic 
55 compounds of borax and the like, zinc borate, zinc metaborate. barium metaborate, zinc carbonate, 
magnesum-calcium carbonate, calciu m carb onate, barium carbonate, magnesium oxide, molybdenum oxide, 
zirconium oxide, stannous oxide and ^d^^KsphorusTThese inorganic flame retardants may be used alone 
or as a mixture of two or more thereof. Of these"^flame -retardants, hydrates of metallic compounds of 
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alumihum hydroxide, magnesium hydroxide, zirconium hydroxide, basic magnesium carbonate, doionite, 
hydrotalcite are particularly preferable. "Above all, aluminum hydroxide and magnesium hydroxide are 
effective as the flame retartants and are economically advantageous. . 

The particle diameter of the inorganic flame retardant depends upon Its kind, but in the cases of 
5 aluminum hydroxide and magnesium hydroxide, the average particle diameter is 20 am or less, preferably 
10 am or (ess. 

The inorganic flame retardant is used in an amount of 30 to 150 parts by weight, preferably 40 to 120 
parts by weight based on 100 parts by weight of the thermoplastic resin composition (I) + (II). When the 
content of the inorganic flame retardant is less than 30 parts by weight a flarne-resistlve effect is poor in its 
TO single use, and thus it is necessary to add the organic flame retardant thereto. Inversely, when it is more 
than 1 50 parts by weight impact strength and mechanical strength deteriorate. 

In the preparation of the thermoplastic composition of the present invention, meitjng and mixing of the 
components (1). + (il) or (III) + (IV) are carried out at a temperature of 200 to 350* C. preferably 200 to 
320* C. 

ts In melting and mixing, there may be used a usual kneader such as a mixing roll, a Banbury's mixer, a 
kneader mixer, a kneading extruder, a twin screw extruder and rolls. With regard to the order of melting and 
mixing the respective components, all of the components may be simultaneously melted and mixed, or 
alternatively the polyoxymethylene resin alone or the previously prepared mixture of this polyoxymethylene 
resin and the polycarbonate resin (!) may be mixed under melting with the multi-phase thermoplastic resin 

20 (N). 

In the present invention, the following materials can be additionally used, in so far as they do not 
(jeviate from the gist of the present invention. Examples of such materials include a polyolefin resin, 
' polyvinyl chloride resin, polyvinylidene chloride resin, fluorine-contained resin, aromatic polyester resin, 
polyamide resin, polyphenylene ether resin, polysulfone resin, polyarylene sulfide resin, natural rubber and 
25 synthetic rubber, antioxidant ultraviolet inhibitor, lubricant dispersant foaming agent crosslinking agent 
and colorant 

Now. the present invention will be described in detail in reference to examples. 

30 Preparation Example 1 (Preparation of Multi-phase Structure Thermoplastic Resin 11-1) 

In a 5-liter stainless steel autoclave was placed 2.500 g of pure water, and 2.5 g of polyvinyl alcohol 
was further dissolved therein as a suspending agent. To the solution was further added 700 g of ethylene- 
giycidyl methacrylate copolymer as an epoxy group-containing olefin copolymer (content of glycidyl 

35 methacrylate = 15% by weight; trade name Rexpearl J-3700; made by Nippon Petrochemicals Co.. Ltd.), 
followed by stirring and suspending in a nitrogen atmosphere. Separately, in 300 g of methyl methacrylate 
as a vinyl monomer were dissolved 1.5 g of benzoylperoxide as a radical polymerization initiator (trade 
name Nyper-B; made by Nippon Oils & Fats Co., Ltd.) and 6 g of t-butylperoxymethacryloyloxyethyl 
carbonate as a radical polymerizable or copolymerizable organic peroxide, and the resulting solution was 

40 then placed in the above-mentioned autoclave, followed by stirring. 

Afterward, the autoclave was heated up to a temperature of 60 to 65* C, and stirring was then continued 
for 2 hours, so that the epoxy group-containing olefin copolymer was impregnated with the vinyl monomer 
containing the radical polymerization initiator and the radical polymerizable or copolymerizable organic 
peroxide. After it had been confirmed that the total amount of the impregnated vinyl monomer, radical 

45 polymerizable or copolymerizable organic peroxide and radical polymerization initiator was 50% by weight 
or more of the original total weight thereof, the temperature of the mixture was raised up to a level of 80 to 
85 * C, and this temperature was then maintained for 7 hours to complete polymerization, followed by water 
washing and drying, thereby obtaining a graft polymerization precursor (A-1). A methyl methacrylate 
polymer was extracted from this graft polymerization precursor with ethyl acetate, and according to 

50 measurement by the use of GPC, the number average polymerization degree of the methyl methacrylate 
polymer was 700. 

Next this graft polymerization precursor was extruded at 220 *C by a plastomill monoaxial extruder 
(trade name Labo-Plasto-mill; made by Toyo Seiki Seisaku-sho Ltd.) to perform grafting reaction, whereby a 
muiti-phase structure thermoplastic resin 11-1 was obtained. 
55 This multi-phase stmcture thermoplastic resin was then obsen/ed by a scanning electron microscope 
(trade name JEOL JSM T300; made by JEOL, Ltd.),^ and it was found that the resin was a multi-phase 
. structure thermoplastic resin in which spherical resin particles each having a diameter of 0.3 to 0.4 urn were 
uniformly dispersed, as shown in Photograph No. 1. In this case, the grafting efficiency of the methyl 
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methacrylate polymer was 68.8% by weight 



Reference Example 1 (Preparation of Random Copolymer) 

In a 3.8-Iiter reactor equipped with a stirrer were placed a mixture of 1,600 g of ethylene. 32 g of 
glyctdyl methacrylate and 40 g of methyl methacrylte, and In the presence of 200 g of n-hexane as a chain 
transfer agent and 0.0012% by weight of a radical polymerization initiator (di-tert-butyl peroxide) based on 
the total weight of the mixture, reaction was then performed at a polymerization pressure of 1 ,600 kg/cm^ at 
a reaction temperature of 170* C, thereby obtaining ethylene-glycidyl methacrylate-methyl methacrylate 
random terpolymer. Photograph No. 2 shows the observational result of the random copolymer by the use 
of an electron microscope. The results indicate that the random copolymer does not have such a multi- 
phase structure as in the present invention, ' 



Reference Example 2 {Preparation of Blend) 

The epoxy group-containing ethylene copolymer used in Reference Example 1 was blended with 30% 
by weight of polymethyl methacrylate (trade name Acrypet MD; made by Mitsubishi Rayon Co., Ltd.). and 
they were mixed at 250 'C under melting. The blend was observed through an electron microscope, and 
the results are shown in Photograph No. 3. In the blend, the particle size of the dispersed polymethyl 
methacrylate Is great, and therefore the structure of the polymer is noticeably different from the multi-phase 
structure of the present invention. 



Reference Example 3 . . 

In a high-speed shear mixer. 950 g of ethylene-glycidyl methacrylate copolymer used in Preparation 
'Example 1 was mixed, at ordinary temperature for 5 minutes, with a solution in which 0.5 g of dicumyl 
peroxide (trade name Percumyl D; made by Nippon Oils & Fats Co.. Ltd.) was dissolved i(i 50 g of methyl 
methacrylate. The mixture was then extruded at 200 *C by an extruder, and grafting reaction was performed 
in a usual grafting manner in order to obtain a short-chain graft polymer. 

The structure of the thus obtained graft polymer can be observed from the electron microscope 
photograph of Photograph No. 4. The results in the photograph indicate that the above-mentioned short- 
chain graft polymer does not have such a multi-phase structure as seen in the polymer prepared in 
Preparation Example 1. but a single-phase structure. 



Preparation Example 2 (Preparation of Multi-phase Structure Thermoplastic Resin 11-2) 

The same procedure as in Preparation Example 1 was repeated with the exception that 300 g of methyl 
methacrylate monomer as the vinyl monomer was replaced with 300 g of styrene and n-dodecylmercaptan 
as a molecular weight modifier was not used, thereby preparing a graft polymerization precursor 11-2. At this 
time, the number average polymerization degree of the styrene polymer was 900, and the average particle 
diameter of the resin dispersed in the resin composition was from 0.3 to 0.4 um, as shown in Photograph 
No. 5. . 



Preparation Example 3 (Preparation of Multi-phase Structure Thermoplastic Resin 11-3) 

The same procedure as in Preparation Example 2 was repeated with the exception that 300 g of 
styrene as the vinyl monomer was dissolved in 300 g of benzene as a solvent and 2.5 g of n- 
dodecylmercaptan as a molecular weight modifier was used, thereby preparing a multi-phase structure 
thermoplastic resin il-3. At this time, the number average polymerization degree of the styrene polymer was 
4.1, and the state of the styrene polymer was liquid. When the multi-phase structure thermoplastic resin 
was observed by ah electron microscope, it was presumed that the average diameter of dispersed particles 
would be 0.001 mm or less, but this could not be confirmed. 
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Examples 1 to 6 

The multi-phase structure thermoplastic resins (11-1) and (II-2) obtained in Preparation Examples 1 and 2 
were dry blended with polyoxymethylene resin (trade name Duracon M270-20; Polyplastics Co., Ltd.). in 
ratios shown in Table 1, and they were then mixed at 200* C by means of a single screw extruder (trade 
name Labo-Plasto-mill; Toyo Seiki Seisaku-sho Ltd.). Afterward, specimens were prepared therefrom at 
200 C by the use of an injection molding machine, and they were then used in tests. 

Sizes of the specimens and test procedures were as follows: 



Specimens for notched izod impact strength 
Specimens for heat distortion temperature 
Specimens for flexural modulus 



13x65x6 mm (JIS K7110) 
13 X 130 X 6 mm (JIS K7207) 
10 X 130 X 4 mm (JIS K6758) 



State of Delamination: 

The state of delamination was ranked as follows by visually observing the state of the brokn surface of 
each molded article. 
®: Delamination was not present at all. 
0: Delamination was slightly present. 
X: Delamination was perceptibly present. 

Table 1 



Example 


1 


2 


3 


4 


5 


6 


Duracon {wt%) 


95 


90 


SO 


70 


90 


70 


Multi-Phase Structure Thermoplastic Resin II-1 (wt%) 










10 


30 


Multi-Phase Structure Thermoplastic Resin II-2 (wt%) 


5 


10 


20 


30 






Notched Izod Impact Strength (kg* cm/cm) 


40 


55 


59 


60 


51 


58 



Comparative Examples 1 to 4 

The same procedure as in Example 1 was repeated with the exception that the multi-phase structure 
thermoplastic resins were replaced with the ethylene-glycidyl methacrylate copolymer used in Preparation 
Example 1 . The results are set forth in Table 2. 

Table 2 



Comp. Example 


1 


2 


3 


4 


Duracon (wt%) 


100 


90 


80 


70 


Ethylene-Glycidyl Methacrylate Copolymer (wt%)" 




10 


20 


30 


Notched Izod Impact Strength (kg •cm/cm) 


6.2 


21 


27 


34 



Comparative Examples 5 to 9. 

The same procedure as in Example 1 was repeated with the exception that amounts of the multi-phase 
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structure thermoplastic resins were changed.' The results are set fortli in Table 3, 

Table 3 



Com p. Example 


5 


6 


7 


8 


9 


Duracon (wt%) 


99.5 


35 


25 


35 . 


25 


Multi-Phase Structure Themoplastic Resin 11-1 (wt%) 








65 


75 


Multi-Phase Structure Themoplastic Resin li-2 (wt%) 


0.5 


65 


75 






Notched Izod Impact Strength (kg •cm/cm) 


2.5 




* 


* 





• Not broken. 



In the molded article in which the multi-phase structure thermoplastic resin was in excess of 50% by 
15 weight, any mechanical properties of the polyoxymethylene resin were not present. In addition, It was also 
apparent that when the amount of the multi-phase structure thermoplastic resin was less than 1% by weight 
its effect was not perceived. 

20 Examples 7 to 9 and Comparative Examples 10 to 1 2 

The same procedure as in Example 1 was repeated with the exception that the polyoxymethylene resin 
was replaced with Derlin 500 (trade name; made by Du Pont). Tenack 5010 (trade name; made by Asahi 
25 Chemical Industry Co., Ltd.) and Copital F20 (trade name; made by Mitsubishi Gas Chemical Company, 
Inc.). The results are set forth in Table 4. . 

Table 4 





Example 


Comp. Example 


7 


8 


9 


10 


11 


12 


Derlin (wt%) 


90 






100 






Tenack 5010 (wt%) 




90 






100 




Copital F20 (wt%) 






90 






100 


Multi-Phase Structure Themoplastic Resin II-2 (wt%) 


10 


10 


10 








Notched Izod Impact Strength (kg 'cm/cm) 


60 


56 


55 


7.5 


6.8 


6.3 



Comparative Example 1^ 

The same procedure as in Example 2 was repeated with the exception that the multi-phase structure 
45 thermoplastic resin (11-2) was replaced with the multi-phase structure thermoplastic resin (11-3) prepared in 
Preparation Example 3. 

As a result the notched izod impact strength of the product was 22 kg •cm/cm. 

50 Example 10 . 

The same procedure as in Example 1 was repeated with the exception that 10 g of the graft 
polymerization precursor obtained in Preparation Example 2 and 10 g of unmodified epoxy group-containing 
ethylene copolymer were dry blended with 80 g of Duracon M270-02 (trade name; made by Polyplastics 
55 Co., Ltd.). As a result the notched izod Impact strength of the product was 43 kg •cm/cm. 



Example 11 
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The same procedure as in Example 1 was repeated with the exception that no radical polymerizable or 
copolymerizable organic peroxide was" used, in order to obtain a graft polymerization precursor. Each 
dispersed particle of the graft polymerization precursor had a particle diameter of 0.1 to 0.3 um. A multi- 
phase structure thermoplastic resin was formed from this graft polymerization precursor, and afterward the 
5 same procedure as in Example 1 was repeated. As a result, the notched izod impact strength of the product 
was 31 kg •cm/cm. 



Examples 12 to 17 

70 

A polycarbonate resin having a number average molecular weight of 62,000 was melted and mixed with 
Derlin 500 (trade name) used in Example 7 or Duracon M90 (trade name; made by Polyplastics Co., Ltd.) 
as a polyoxymethyfene resin, the epoxy group-containing olefin copolymer used in Preparation Example 1 
and the multi-phase structure thermoplastic resin (11-2) obtained in Preparation Example 2 in ratios shown in 
IS Table 5. Melting and mixing of these materials were carried out in a one-direction rotating twin screw 
extruder (made by Plastic Engineering Laboratory Co., Ltd.) having a screw diameter of 30 mm a 
temperature of which was set to 250* C. The mixture was then molded into granules, and they were dried at 
150 C for 3 hours. Afterward, specimens were prepared therefrom by injection molding. 

Sizes of the specimens and procedures of tests were the same as in Example 1. 

20 

Tables 





Example 


. 12 


13 


14 


15 


16 


17 


25 


Deriin 500 (pts. wt.) 


80 




70 




30 






Duracon M90 (pts. wt.) 




80 




70 




30 




Polycarbonate (pts. wt.) 


20 


20 


30 


30 


70 


70 




Multi-Phase Structure Themoplastic Resin (il-2) (pts. wt) 


10 




10 


10 


10 






Ethylene-QIycidyl Methacrylate Copolymer (pts, wt.) 




15 




5 




15 


30 


Notched Izod Impact Strength (kg 'cm/cm) 


30 


31 


37 


40 


75 


77 




Heat Distortion Temperature (' 0) 


130 


133 


120 


116 


105 


103 




Flexural Modulus (x10^ kg/cm^) 


24.5 


21.0 


21.6 


20.5 


20.0 


19.6 




State of Delamination 


®. 


® 


® 


@ 


® 


®- 



35 



Examples 18 to 23 

In the above examples, the multi-phase structure thenmoplastic resin was replaced with the graft 
precursor (IIA-2) obtained in the preparation example, and the resuks are set forth in Table 6. The effect of 
these examples was similar to that of the examples in which the multi-phase structure thermoplastic resin 
was used. 



Table 6 



Example 


18 


19 


20 


21 


22 


23 


Derlin 500 (pts. wt.) 


90 




60 




20 




Duracon M90 (pts. wt.) 




90 




40 




20 


Polycarbonate (pts. wt.) 


10 


10 


40 


60 


80 


80 


Graft Polymerization Precursor (IIA-2) (pts. wt.) - 


15 


15 


10 


10 


10 


10 


Notched Izod Impact Strength (kg • cm/cm) 


20 


25 


40 


66 


80 


78 


Heat Distortion Temperature (' C) 


125 


120 


115 


106 


98 


95 


Flexural Modulus (xlO^ kg/cm^) 


26.6 


25.5 


22.5 


22.0 


20.8 


20.0 


State of Delamination 


® 


® 


© 


. ® 


® 


® 
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Examples 24 to 29 

In the above examples, a glass fiber having an average length of 5.0 nnm and a diameter of 10 urn was 
additionally blended. The results are set forth in Table 7. 

5 

Table? 





Fxamole 


24 


25 


26 


27 


28 


29 


TO 


Derlin 500 (pts. wt.) 


90 




80 




30 






Duracon M90 (pts. wt.) 




90 




80 




30 




Polycarbonate (pts. wt.) 


10 


10 


20 


20 


70 


70 




Multi-Phase Structure Themoplastic Resin (11-2) (pts. wt.) 


.10 




10 




10 






Ethylene-Glycidyl Methacrylate Copolymer (pts. wt.) 




15 




15 




15 


15 


Glass Rber (pts. wt.) 


30 


30 


30 


30 


30 


30 




Notched Izod Impact Strength ^(kg 'cm/cm) 


13 


16 


12 


13 


23 


27 




Heat Distortion Temperature (* C) 


145 


140 


135 . 


130 


130 


129 




Flexural Modulus (x10^ kg/cm^) 


60.5 


59.0 


53.6 


53.0 


52.0 


51.0 
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Comparative Examples 1 4 to 1 9 

In these comparative examples, ethylene-glycldyl methacrylate copolymer was used, in contrast to the 
above examples. The results are set forth in Table 8. 

Tables 



Comp, Example, 


13 


14 


15 


16 


, 17 


18 


Derlin 500 (pts. wt.) 


90 




80 




30 




Duracon M90 (pts. wt.) 




90 ' 




20 




30 


Polycarbonate (pts. wt.) 


10 


10 


20 


80 


70 


70 


Ethylene-Glycidyl Methacrylate Copolymer (pts. wt.) 


10 


15 


15 


10 


10 


15 


Notched Izod Impact Strength (kg •cm/cm) 


7 


9 


10 


. 15 


12 


16 


Heat Distortion Temperature (' C) 


110 


105 


100 


91 • 


90 


86 


State of Delamination 


X 


X 


O 


X 


X 


O 



40 The themnoplastic resin composition, of the present invention has improved heat resistance, impact 
resistance, moldability, electrical properties and chemical resistance, and in addition, this composition can 
be easily manufactured only by mixing raw materials under melting. 

45 Claims 

1. A thermoplastic resin composition containing 
(I) 100 parts by weight of a polyoxymethylene resin alone or a mixture of said polyoxymethylene 
resin and a polycarbonate resin, with 
50 (II) 0.1 to 100 parts by weight of a multi-phase structure thermoplastic resin which is composed of. 5 

to 95% by weight of an epoxy group-containing olefin copolymer and 95 to 5% . by weight of a vinyl 
polymer or copolymer obtained from at least one kind of vinyl monomer, either of both the components 
being in the state of a dispersion phase having a particle diameter of 0.001 to 10 um. 

55 2. A thermoplastic resin composition according to Claim 1 wherein said vinyl polymer or copolymer in 
said multi-phase structure thermoplastic resin has an average polymerization degree of 5 to 10,000. 
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3: A thermoplastic resin composition according to Claim 1 or 2. wherein said multi-phase structure 
thermoplastic resin is a mixture and/or a grafted compound prepared by melting and mixing said mixture 
which comprises 

1 to 100% by weight of a graft poiym rization precursor (A) obtained by copolymerizing at least one vinyl 
monomer with at least one of radical polymerizabie or copolymerizable organic peroxides represented by 
the following general formulae (a) and (b) 

R3 

I 

CH2 = C - C -O-(CH2-CH-O)tn-C-0-0-C-R5 (a) 
I II i II I 

Rl 0 R2 O R4 



CH2 = C - CH2 -0-(CH2-CH-0)n'C-0-0"C-RTo (b) 

Re R7 0 R9 



wherein Ri is a hydrogen atom or an alky I group having 1 or 2 carbon atoms, each of Rs and R? is a. 

hydrogen atom or a methyl group. Rg is a hydrogen atom or an alkyi group having 1 to 4 carbon atoms, 

each of R3. R^l, Rg and R3 is an alkyI group having 1 to 4 carbon atoms, each of R5 and Rt.o is an alkyi 

group having 1 to 12 carbon atoms, a phenyl group, an alkyl-substituted phenyl group or a cycloalkyi group 

having 3 to 12 carbon atoms, m is 1 or 2. and n is 0. 1 or 2. 

in particles of an epoxy group-containing olefin copolymer, 

0 to 99% by weight of an epoxy group-containing olefin copolymer (B), and 

0 to 99% by weight of a vinyl polymer or copolymer (C) obtained by polymerizing or copolymerizing at 
least one vinyl monomer. 

4. A thermoplastic resin composition according to any of the Claims 1 to 3, wherein said vinyl monomer 
is at least one vinyl monomer selected from the group consisting of vinyl aromatic monomers, acrylate and 
methacrylate monomers, acrylonitrile and methacrylonitrile monomers, and vinyl ester monomers. 

"5. A thermoplastic resin composition according to any of the Claims 1 to 4. wherein said vinyl polymer 
or copolymer comprises a vinyl monomer in which the content of a vinyl aromatic monomer is 50% by 
weight or more. 

6. A thermoplastic resin composition according to any of the Claims 1 to 5, wherein said epoxy group- 
containing olefin copolymer is composed of 60 to 99.5% by weight of ethylene, 40 to 0.5% by weight of 
glycidyl acrylate or methacrylate and 0 to 39.5% by weight of another unsaturated monomer. . 

7. A thermoplastic resin composition according to any of the Claims 1 to 6, wherein an inorganic filler 

(III) is additionally blended in an amount of 1 to 1 50 parts by weight based on 1 00 parts by weight of said 
thermoplastic resin composition (I) + (II). 

8. A thermoplastic resin composition according to any of the Claims 1 to 7. wherein a flame retardant 

(IV) is additionally blended in an amount of 5 to 150 parts by weight based on 100 parts by weight of said 
thermoplastic resin composition (I) + (I!). 

9. A method for preparing a thermoplastic resin composition which comprises the step of melting and 
mixing a polyoxymethylene resin alone or a mixture of said polyoxymethyiene resin and a polycarbonate 
polymer (I) with ' 

1 to 100% by weight of a graft polymerization precursor (A) which is obtained by first adding at least one 
kind of vinyl monomer, at least one kind of radical polymerizabie or copolymerizable organic peroxide and a 
radical polymerization initiator to an aqueous suspension of an epoxy group-containing olefin copolymer, 
then heating said suspension under such conditions that the decomposition of said radical polymerization 
initiator does not occur substantially, in order to impregnate said epoxy group-containing olefin copolymer 
with said vinyl monomer, radical polymerizabie or copolymerizable organic peroxide and radical polymeriza- 
tion initiator, and raising the temperature of said aqueous suspension, when the degree of the impregnation 
has reached 50% by weight or more of the original total weight of said vinyl monomer, peroxide and 
initiator, in order to copolymerize said vinyl monomer with said radical polymerizabie or copolymerizable 
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organic peroxide in said epoxy group-containing olefin copolymer. 

0 to 99% by weight of an epoxy group-containing olefin copolymer (B), and 

d to 99% by weight of a vinyl polymer or copolymer (C) obtained by polymerizing at least one kind of vinyl 
monomer, 

5 or alternatively melting and mixing the components (A), (B) and (C) previously at a temperature in the range 
of 100 to 300 'C in order to form a multi-phase structure thermoplastic resin (II), and then melting and' 
mixing said resin (II) with said resin (I). 

10. A method for preparing a thermoplastic resin composition according to Claim 9 wherein said radical 
polymerizable or copolymerizable organic peroxide is one or a mixture of two or more of peroxycarbonate 

10 compounds represented by the following genera! formulae (a) and (b) 

R3 



75 



20 



25 



CH2 = C - C -0-(CH2-CH-0)in-C-0-0-C-R5 (a) 
^ I II I II I 

Rl O R2 O. R4 



I 

CH2 = C - CH2 -0-(CH2-CH-0)n-C-Q-O.C-R-|o (b) 
i ^ I II I - 

:R6 R? 0 ^9 ; 



wherein Rt is a hydrogen atom or an alky! group having 1 or 2 carbon atoms, each of R2 and R? is a 
hydrogen atom or a methyl group, Re is a hydrogen atom or an alkyi group having 1 to 4 carbon atoms, 
each of R3, R4.. Rs and Rg is an aikyi group having 1 to 4 carbon atoms, each "of R5 and Rio is an alkyI 
30 group having 1 to 12 carbon atoms, a phenyl group, an alkyl-suiDStituted phenyl group or a cycloalkyi group 
. having 3 to 12 carbon atoms, m is 1 or 2, and n is 0, 1 or 2. 

11. A method for preparing a thermoplastic resin composition according to Claim 9 or 10. wherein said 
vinyl polymer or copolymer in said multi-phase stnjcture thermoplastic resin has an average polymerization 
degree of 5 to 10.000. 

35 12. A method for preparing a thermoplastic resin composition according to any of the Claims 9 to 11, 
wherein said vinyl monomer is at least one vinyl monomer selected from the group consisting of vinyl 
aromatic monomers, acrylate and methacrylate monomers, acrylonitrile and methacrylonitrile monomers, 
and vinyl ester monomers. 

13. A method for preparing a thermoplastic resin composition according to any of the Claims 9 to 12 
4Q wherein said epoxy group-containing olefin copolymer is composed of 60 to 99.5% by weight of ethylene, 

40 to 0.5% by weight of glycidyl acrylate or methacrylate and 0 to 39,5% by weight of another unsaturated 
monomer. 

14. A method for preparing a thermoplastic resin composition according to any of the Claims 9 to 13. 
wherein said vinyl polymer or copolymer comprises a vinyl monomer in which the content of a vinyl 

45 aromatic monomer is 50% by weight or more. 

15. A method for preparing a thermoplastic resin composition according to any of the Claims 9 to 14, 
wherein an inorganic filler (ill) is additionally blended in an amount of 1 to 150 parts by weight based on 
100 parts by weight of said thermoplastic resin composition (I) + (II). 

16. A method for preparing a thermoplastic resin composition according to any of the Claims 9 to 15. 
50 wherein a flame retardant (iV) is additionally blended in an amount of 5 to 1 50 parts by weight based on 

1 00 parts by weight of said thermoplastic resin composition (I) + (II). 
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